INTRODUCTION
============

Autism spectrum disorder (ASD), a developmental disorder of the brain, has become increasingly prevalent in recent years. The etiopathogenesis negatively affects the lives of children through social emotional and behavioral. A numbers factor such as genetic, neurobiological, idiopathic, immunologic, environmental, prenatal, natal, and postnatal may have an important role in the etiology.[@b1-cpn-16-383],[@b2-cpn-16-383] Numerous reports have described the etiology of ASD. In recent years, there has been a rapid increase in studies of vitamin D as an environmental factor in many medical diseases. Vitamin D has been shown to have effects on long-lasting skeletal and mineral metabolism. However, it has also been shown to have an effect on different systems such as the brain in recent years.[@b3-cpn-16-383] Therefore, vitamin D has been widely studied for its relationship to psychiatric diseases such as ASD, attention deficit hyperactivity disorder and schizophrenia.[@b4-cpn-16-383]--[@b7-cpn-16-383] It has been shown in several reports that vitamin D has a role in brain development and in numerous neuronal functions. It has been shown in animal studies that it has neurotrophic effect, neuroprotective effect, antioxidant effect, intracellular calcium regulation, effect on dopaminergic system, effect on neurotransmission and neuroplasticity, anti-inflammatory effect, cytokine regulation, changes in neurogenesis, apoptosis and mitosis neuronal differentiation, structure, and metabolism.[@b3-cpn-16-383],[@b8-cpn-16-383],[@b9-cpn-16-383] Gestational or neonatal vitamin D deficiency has been associated with ASD as a developmental risk factor.[@b10-cpn-16-383],[@b11-cpn-16-383] In addition, low serum vitamin D levels have been demonstrated to be decreased in ASD patients.[@b6-cpn-16-383],[@b7-cpn-16-383],[@b12-cpn-16-383],[@b13-cpn-16-383] Other studies have reported that there is no change in levels of vitamin D and children ASD.[@b14-cpn-16-383],[@b15-cpn-16-383] Vitamin D shows its effects by binding to vitamin D receptor (VDR). VDR is located in different tissues such as brain tissue and peripheral nerves.[@b16-cpn-16-383] According to our knowledge, there has been no study in the literature that has investigated the role of serum VDR levels in ASD.

Another subject considered as an environmental etiologic factor of ASD is homocysteine and vitamin B complexes. The amino acid, homocysteine, is produced during methionine metabolism in the body and is metabolised through two B-vitamin-dependent pathways transsulfuration to cysteine, or remethylation to methionine.[@b17-cpn-16-383] Therefore, vitamins B6 and B12, and folate are the basis for homocysteine metabolism. The use of certain drugs such as anticonvulsant, hypothyroidism, renal failure, methylene tetrahydrofolate reductase (MTHFR), cystathionine β-synthase and methionine synthase polymorphism may cause enhanced serum levels of homocysteine.[@b18-cpn-16-383],[@b19-cpn-16-383] Furthermore, any defect of pathways from vitamins B6 and B12, and folate, which are important the breakdown of homocysteine, may lead to the accumulation of homocysteine in the body.[@b20-cpn-16-383] It has been shown that homocysteine, vitamins B6 and B12 and folate are important in various psychiatric disorders such as cognitive impairment, neurodegenerative diseases, schizophrenia and ASD.[@b21-cpn-16-383]--[@b24-cpn-16-383] High homocysteine levels have been previously reported to be associated with ASD.[@b19-cpn-16-383],[@b21-cpn-16-383],[@b22-cpn-16-383],[@b25-cpn-16-383] Serum folate and vitamin B12 levels have been demonstrated to be decreased or normal in ASD patients.[@b14-cpn-16-383],[@b21-cpn-16-383],[@b25-cpn-16-383],[@b26-cpn-16-383] However, the mechanism whereby homocysteine and these vitamin B complexes affect the etiopathogenesis of ASD remains unclear.

This study is a very comprehensive study, which examines many parameters. The goal of this report was to examine the serum vitamin D and VDR, homocysteine, vitamin B6, vitamin B12 and folate levels in healthy individuals and compare to age and gender matched patients with ASD. In addition, serum calcium (Ca), phosphorus (P) and alkaline phosphatase (ALP) levels were associated with vitamin D metabolism and were measured in both groups. The relationship between these parameters and the Childhood Autism Rating Scale (CARS) total score assessing ASD severity was evaluated.

METHODS
=======

Patients
--------

There were 105 children enrolled in this study: 60 ASD patients (age, 3--12 years; 52 male and 8 female); and 45 controls (age, 3--12 years; 36 male and 9 female). ASD was diagnosed using the Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision (DSM-IV-TR) criteria. Using the expertise of a child neuropsychiatrist, participants were diagnosed with ASD. Any patient that was referred with genetic syndrome or any comorbid psychiatric (except mental retardation) and medical disorder, gastrointestinal problems, Cushing syndrome, anemia, metabolic disorders, neurological diseases, autoimmune disorders, and/or supplementation with vitamins and minerals (vitamin D, vitamin B6, folate or B12 containing preparations) in the last 6 months and/or drugs affecting vitamin D (e.g., steroids and anticonvulsant) were not included for this investigation. Children with no known neurodevelopmental, psychiatric, neurological disorder, infection, and/or no record of vitamins and mineral supplements were selected as healthy controls. These were age-, sex-, and/or season of blood collection-matched controls. CARS was performed by the researchers to determine ASD severity in the patient and control group through child observation and direct interviews with the family members. This is a well-established screening and classification method for children ASD and is consistent with DSM-IV-TR diagnostic criteria. CARS is comprised of fifteen items used to predict a score that defines ASD severity. A score greater than 30 but less than 36.5 is indicative of mild-to-moderate ASD, whereas a 37 to 60 score shows severe ASD.[@b27-cpn-16-383] For each patient, height and weight were recorded and the body mass index (BMI) was calculated. The research project was approved by the ethics committee of the Kahramanmaras Sutcu Imam University (No. 2014/03-15), and conformed to the provisions of the Declaration of Helsinki. Informed written consent was collected from each guardian or parent.

Biochemical Measurements
------------------------

Venous blood was collected for measuring serum vitamin D, VDR, homosisteine, vitamin B6 and B12, folate, Ca, P and ALP, between 8:00 and 10:00 AM. The serum were collected and put in the −20°C until analysis. All patients were examined between March and September so vitamin D deficiency in the winter time would not be a factor.

Vitamin D, VDR, homocysteine, vitamins B6 and B12, folate levels in samples were analyzed by using a enzyme immunoassay technique (ELISA). Ca, P, and ALP were analyzed using the automated standard spectrophotometric laboratory method.

Statistical Analysis
--------------------

The parametric data were shown as mean±standard deviation. The *t* test and chi-square test were used for differences between two groups. Pearson's correlation test was used to evaluate associations for continuous variables. A *p* value of less than 0.05 was accepted as significant. IBM Statistical Package for Social Sciences software (version 22; IBM Co., Armonk, NY, USA) was used for statistical analyses.

RESULTS
=======

The mean age of the ASD (n=60) and healthy controls (n=45) was 5.8±2.7 years and 6.7±2.5 years, respectively. No differences were found between the groups in terms of age, gender, weight, height, and BMI (all *p*\>0.05) ([Table 1](#t1-cpn-16-383){ref-type="table"}). In addition, no differences in birth seasons or seasons of blood collection were found.

The mean serum vitamin D levels in the ASD and control groups were 13.79±1.03 ng/ml and 16.58±1.06 ng/ml (mean±standard deviation), which was statistically significant (*p*\<0.001). The serum VDR levels were statistically significant and reduced in children ASD compared to healthy controls (1.24±0.11 ng/ml and 1.92±0.26 ng/ml, respectively; *p*\<0.001) ([Table 2](#t2-cpn-16-383){ref-type="table"}).

Homocysteine levels were significantly increased for patients with ASD in comparison to the control group (8.90±0.19 μmol/L and 7.46±0.21 μmol/L, respectively; *p*\<0.001). The levels of vitamin B6, folate, vitamin B12, were found significantly lower in the patients with ASD (25.17±3.64 ng/ml, 121.16±8.04 pg/ml, and 181.5±41.61 pg/ml, respectively; 53.06±7.95 ng/ml, 172.31±17.19 pg/ml, and 382.06±71.34 pg/ml, respectively; *p*\<0.001) ([Table 2](#t2-cpn-16-383){ref-type="table"}).

In the ASD and control groups, mean serum Ca was 9.7±0.5 mg/dl and 9.4±0.7 mg/dl, P was 5.1±1.1 mg/dl and 5.0±0.5 mg/dl, and ALP was 192.4±57.1 U/L and 193.1±61.1 U/L, respectively. The mean levels of these parameters were not different significantly for the groups (all *p*\>0.05) ([Table 2](#t2-cpn-16-383){ref-type="table"}).

CARS total scores of patients were significantly increased compared to healthy controls, with means of 42.3±7.46 and 15.9±1.02, respectively (*p*=0.000) ([Table 1](#t1-cpn-16-383){ref-type="table"}).

There was a positive association for homocysteine levels and negative association between vitamin D, VDR, vitamin B6, folate and vitamin B12 levels according to CARS total scores ([Table 3](#t3-cpn-16-383){ref-type="table"}). In addition, vitamin D and homocysteine levels had a negative association, while there was a positive association between age, VDR, vitamin B6, folate and vitamin B12. There was a negative correlation between VDR level and homocysteine and a positive correlation was found between other vitamins.

DISCUSSION
==========

In this study, serum vitamin D and VDR levels were significantly reduced in children ASD compared to the healthy controls. This finding supports the previous studies in which vitamin D was reported to be low in ASD.[@b6-cpn-16-383],[@b7-cpn-16-383],[@b12-cpn-16-383],[@b13-cpn-16-383],[@b28-cpn-16-383]--[@b30-cpn-16-383] Kočovská *et al*.[@b29-cpn-16-383] demonstrated that ASD patients had lower ^25^(OH)D levels compared to siblings, parents, and healthy controls. Interestingly, Gong and colleagues demonstrated an increased amount of ASD children with ^25^(OH)D levels \<50 nmol/L compared to controls (58% vs. 33% respectively; *p*=0.01) when examination of both cases and controls for autistic-like features was taken into account.[@b6-cpn-16-383] Recently, Feng *et al*.[@b31-cpn-16-383] reported an increased amount of ASD children with ^25^(OH)D levels \< 25 nmol/L (13% vs. 0%; *p*=0.03) and \<75 nmol/L (71% vs. 62%; *p*=0.03) than controls. Contrary to these studies, there are studies showing that there is no difference in vitamin D levels in ASD.[@b14-cpn-16-383],[@b15-cpn-16-383] Adams and colleagues showed significant differences statistically for biomarkers indicative of increased oxidative damage. In addition, they showed that there was a reduced capacity for detoxification and energy transport and vitamin deficiency children with ASD compared to controls. Interestingly, plasma ^25^(OH)D was not different between groups.[@b15-cpn-16-383]

In our study, blood was collected during the march--september months to avoid seasonal variations in vitamin D levels in patients with ASD. Similarly, in some studies blood samples from ASD and healthy children were collected during the summer months. Similar to our study, children with ASD had reduced vitamin D compared to controls. At the same time, reports showed that there was no difference in patients with ASD and control groups in terms of the birth season in these studies.[@b12-cpn-16-383],[@b13-cpn-16-383],[@b30-cpn-16-383] In our report, no difference for the birth season was reported.

Although children with ASD are exposed to less sunlight due to low outdoor activity and sedentary behavior, insufficient levels of vitamin D due to repetitive and restricted dietary behaviors are thought to be responsible for the vitamin D deficiency in children with ASD compared to healthy children, the exact mechanism of vitamin D deficiency is unknown.[@b32-cpn-16-383]--[@b34-cpn-16-383]

Low vitamin D has been determined in the pathogenesis of ASD in various ways. It has been described that ASD is both an organ specific and systematic abnormalities such as *de-novo* gene mutations, oxidative stress, impaired detoxification system, inflammation, immune dysregulation, abnormal neurotrophic factor and neurotransmitter levels.[@b35-cpn-16-383],[@b36-cpn-16-383] Even though aforementioned facts may be associated with vitamin D deficiency, the mechanism in ASD children still needs further validation.

Vitamin D shows its effects by binding to VDR. VDR is found in many different tissues such as brain tissue and peripheral nerves. The VDR gene has important roles in bone mineralization and vitamin D metabolism. It has been shown that the mutations related to this gene may inhibit vitamin D metabolism and cause neurodevelopmental disorders, although serum Ca, P, and parathormone levels are within normal limits. There are studies reporting that there is a relationship between VDR gene polymorphism and ASD.[@b16-cpn-16-383],[@b37-cpn-16-383],[@b38-cpn-16-383] In our study, it was determined that serum VDR levels were reduced children with ASD in comparison to controls. According to our knowledge, no studies have been done to evaluate serum VDR in ASD. It is thought that low VDR levels may affect ASD independently of vitamin D levels. However, this study is the first to determine the level of serum VDR. Therefore, there is a need for studies evaluating the relationship between VDR and ASD.

As another finding of our study, patients with ASD were found to have higher serum homocysteine levels and lower levels of vitamin B6, folate, and vitamin B12 compared to control group. Homocysteine is a sulfur-containing amino acid that has been demonstrated for its role in the pathogenesis of many diseases.[@b39-cpn-16-383] Recent studies have demonstrated that homocysteine levels are increased in children with ASD when compared to healthy children in a variety of biological fluids such as serum, plasma, and urine.[@b19-cpn-16-383],[@b21-cpn-16-383],[@b22-cpn-16-383],[@b25-cpn-16-383]

Homocysteine is a powerful excitotoxin, and its metabolism products cause protein damage and structural changes, which generate toxic proteins and induce an autoimmune response.[@b40-cpn-16-383] Several studies on the neurotoxicity of homocysteine indicate that homocysteine can induce neuronal damage causing activation of *N*-methyl-D-aspartate (NMDA) receptors and cell loss through excitotoxicity as well as apoptosis.[@b41-cpn-16-383]--[@b43-cpn-16-383] However, the exact mechanism of the relationship between ASD and homocysteine is still unclear.

In our study, it was found that vitamin B6, one of the vitamins serving as a cofactor in serum homocysteine metabolism, was lower in children ASD in comparison to controls. Vitamin B6 has been studied less in ASD compared to folate and vitamin B12. However, there are previous studies which show that B6-Mg treatments that cause indueing vitamin B6 levels and ASD symptoms in children with ASD.[@b44-cpn-16-383]

We observed a reduction in folate serum levels for children ASD than controls in the current study. However, Uğur and Gürkan[@b14-cpn-16-383] did not observed any changes in folate levels between ASD and healthy controls. Nevertheless, other reports were consistent with our results in regards to the reduction of folate in ASD children.[@b25-cpn-16-383],[@b26-cpn-16-383] Folate is important for neural development and is a coenzyme for 'one-carbon' metabolic pathway which is utilized in a number of processes including DNA synthesis and regulation, cell proliferation, and immune function.[@b45-cpn-16-383],[@b46-cpn-16-383] It is also important in the realization and regulation of many neurological events, such as DNA damage repair, monoamine synthesis and the synthesis of transmitters in the central nervous system. Folate is an essential metabolite involved in almost all methylation reactions in the body. Folate insufficiency can affect cellular function including methylation and redox homeostasis, which contribute to ASD pathology.[@b40-cpn-16-383] Also, the folate deficiency during pregnancy has been reported as a risk for offspring developing ASD.[@b47-cpn-16-383] Schmidt *et al*.[@b48-cpn-16-383] showed that mothers of children with ASD ingested low amounts of folate during gestation. In contrast, other studies showed that mothers of autistic children had folate supplementation in pregnancy and consume elevated amounts of the nutrient.[@b26-cpn-16-383]

We found lower vitamin B12 serum levels in children ASD compared to controls in our study. This finding supports the studies showing low serum vitamin B12 levels in ASD patients.[@b25-cpn-16-383],[@b26-cpn-16-383] A reduction in B12 is expected to block transmethylation of homocysteine to methionine resulting in increased homocysteine levels and decreasing indispensable methylation reactions of proteins, phospholipids, DNA, and neurotransmitters. Such diminished methylation may affect the development of the nervous system by interfering with myelogenesis.[@b49-cpn-16-383]

Evidence has demonstrated that children with ASD eat selectively. Improper diet, substantial food selectivity, and/or gastrointestinal problems cause reduced dietary intake and micronutrient complications.[@b33-cpn-16-383],[@b50-cpn-16-383],[@b51-cpn-16-383] According to the studies conducted by Xia *et al*.,[@b52-cpn-16-383] dietary habits of autistic children shows that most of them had inadequate intake of folate, vitamins B6, A, C, and zinc. A reduction in folate levels and B vitamins are inversely proportional to the levels of homocysteine and some autistic symptoms.[@b51-cpn-16-383] According to the results of a study by Kałużna-Czaplińska *et al*.[@b53-cpn-16-383] found that high levels of urinary homocysteine were found in children ASD. Supplementation of diets on ASD children with vitamins B6, B12, and folate was more effective compare to supplementation of diets only with vitamin B6 and B12 to lower urinary homocysteine level. Similar results were supported by the study made by Ali *et al*.[@b25-cpn-16-383] that blood homocysteine levels lowered by supplemental treatment of vitamins B6, B12, and folate.

Feeding difficulties in ASD can be alleviated through the supplementation of essential nutrients such as vitamins B6, folate and vitamin B12, which has been recommended by some studies.[@b54-cpn-16-383] The importance of vitamin/mineral supplements in children ASD has been shown. This possibly improves their performance in the areas of hyperactivity, tantrums, overall behavior, and receptive language.[@b55-cpn-16-383] Additionally, folate adminstration in autistic children with low 5MTHF (L-5-methyltetrahydrofolate) levels has been found to result in normalization of folate, and to relieve ASD symptoms.[@b56-cpn-16-383] However, reports about consumption and concentration of vitamins in children ASD are still inconclusive.[@b57-cpn-16-383]

In our study, there was a statistically significant negative association between ASD and serum vitamin D and VDR, vitamin B6 and B12, and folate according to the total CARS scores. In addition, a positive association with homocysteine was shown. High serum homocysteine with low levels of serum vitamin D, VDR and B6, folate, vitamin B12 are associated with more severe ASD clinical findings. This finding supports the studies showing negative correlation with previous CARS scores.[@b6-cpn-16-383],[@b13-cpn-16-383],[@b30-cpn-16-383] There was no significant correlation between CARS score and age, Ca, P, ALP, BMI. A significant positive correlation between age and vitamin D levels only was determined. It was found a relationship in our study between high homocysteine levels with low serum vitamin D, VDR and B6, folate, and vitamin B12. This finding supports the studies showing that low levels of vitamins B6 and B12 and folate associated with increased levels of homocysteine in the literature. Low vitamin D and VDR levels may cause a rise in homocysteine levels and may also have a role in the etiology of ASD. However, this is the first study to investigate the association between homocysteine and vitamin D and VDR, there is a need for further studies to evaluate this relationship in more detail.

This study has some limitations. It is a cross-sectional investigation, which was conducted in a small sample group, and the study samples were not assessed for mean sun exposure and oral diet habits. In this study, psychiatric comorbidities were not assessed using semi-structured instruments such as the Schedule for Affective Disorders and Schizophrenia for School-Age Children--Present and Lifetime Version (K-SADS-PL). In addition, gene polymorphisms such as MTHFR and central nervous system associated with folate and homocysteine metabolism were not assayed.

This study has shown that low serum vitamin D and VDR levels and high homocysteine and low vitamins B6 and B12 and folate may be important in the etiopathogenesis of ASD. It is the first study determining VDR levels in ASD and evaluating the relation between ASD and VDR; however, further studies should be done to determine the exact mechanism of contribution of these parameters to ASD etiology and treatment. Also, a larger controlled study for assessing serum levels of vitamin D, vitamin B6, folate, vitamin B12 intake in ASD patients is warranted. The effects of these vitamin complexes on clinical symptoms in individuals with ASD, and optimal supplementation strategies and their long-term effects on child neurodevelopment also needs further investigation.

This study was supported by Kahramanmaras Sutcu Imam University Research Foundation (2014/3-49M). The authors wish to thank the patients and families who participated in this study.

###### 

Characteristics of patients and healthy controls

  Characteristic              ASD (n=60)           Controls (n=45)      *p* value
  --------------------------- -------------------- -------------------- -----------
  Age (yr)                    5.8±2.7              6.7±2.5              0.092
  Gender, male/female         52/8                 36/9                 0.359
  CARS total score            42.3±7.46 (30--60)   15.9±1.02 (15--18)   0.000
  Body mass index (kg/m^2^)   18.6±2.8             19.6±2.5             0.461

Values are presented as mean±standard deviation (range) or number only.

ASD, autism spectrum disorder.

###### 

Laboratory results of patients and healthy controls

  Variable                     ASD (n=60)                                               Controls (n=45)   *p* value
  ---------------------------- -------------------------------------------------------- ----------------- -----------
  Vitamin D (ng/ml)            13.79±1.03[\*](#tfn5-cpn-16-383){ref-type="table-fn"}    16.58±1.06        \<0.001
  Vitamin D receptor (ng/ml)   1.24±0.11[\*](#tfn5-cpn-16-383){ref-type="table-fn"}     1.92±0.26         \<0.001
  Homosistein (μmol/L)         8.90±0.19[†](#tfn6-cpn-16-383){ref-type="table-fn"}      7.46±0.21         \<0.001
  Vitamin B6 (ng/ml)           25.17±3.64[\*](#tfn5-cpn-16-383){ref-type="table-fn"}    53.06±7.95        \<0.001
  Folate (pg/ml)               121.16±8.04[\*](#tfn5-cpn-16-383){ref-type="table-fn"}   172.31±17.19      \<0.001
  Vitamin B12 (pg/ml)          181.5±41.61[\*](#tfn5-cpn-16-383){ref-type="table-fn"}   382.06±71.34      \<0.001
  Calcium (mg/dl)              9.7±0.5                                                  9.4±0.7           \>0.05
  Phosphorus (mg/dl)           5.1±1.1                                                  5.0±0.5           \>0.05
  ALP (U/L)                    192.4±57.1                                               193.1±61.1        \>0.05

Values are presented as mean±standard deviation.

ASD, autism spectrum disorders; ALP, alkaline phosphatase.

Lower than those of controls,

higher than those of controls.

###### 

Correlation levels between CARS total score and age and vitamin D, vitamin D receptor, vitamin B6, folate and vitamin B12

         Vitamin D                                           Vitamin D receptor                                  Homocysteine                                       Vitamin B6                                          Folate                                              Vitamin B12
  ------ --------------------------------------------------- --------------------------------------------------- -------------------------------------------------- --------------------------------------------------- --------------------------------------------------- ---------------------------------------------------
  CARS                                                                                                                                                                                                                                                                      
   *r*   −0.687[\*](#tfn8-cpn-16-383){ref-type="table-fn"}   −0.797[\*](#tfn8-cpn-16-383){ref-type="table-fn"}   0.688[\*](#tfn8-cpn-16-383){ref-type="table-fn"}   −0.833[\*](#tfn8-cpn-16-383){ref-type="table-fn"}   −0.840[\*](#tfn8-cpn-16-383){ref-type="table-fn"}   −0.794[\*](#tfn8-cpn-16-383){ref-type="table-fn"}
   *p*   0.000                                               0.000                                               0.000                                              0.000                                               0.000                                               0.000
  Age                                                                                                                                                                                                                                                                       
   *r*   0.296[\*](#tfn8-cpn-16-383){ref-type="table-fn"}    0.179                                               −0.081                                             0.107                                               0.149                                               0.153
   *p*   0.002                                               0.068                                               0.412                                              0.279                                               0.130                                               0.120

CARS, Childhood Autism Rating Scale.

Correlation is significant at the 0.01 level (2-tailed).
